A new indole-3-acetic acid metabolite was isolated from broad bean (Viciafaba L. cv Chukyo) seedlings. It was a conjugate of dioxindole-3-acetic acid, aspartic acid, and glucose and was identified as 3-glucosyl)-2-indolone-3-acetylaspartic acid (molecular weight 484) from ultraviolet, infrared, nuclear magnetic resonance, and mass spectra. Its natural content in 4-day-old Vicia seedlings was estimated to be 8.6 nanomoles per gram fresh weight. It was suggested that oxidation of indole-3-acetic acid not accompanied by decarboxylation might regulate endogenous level of the hormone.
indole-3-aldehyde, indole-3-acetylaspartic acid and l-(indole-3-acetyl)-f,-glucose in various plant species (3, 7, 24, 31) , esterified to IAA-myo-inositol in Zea seeds- (7) , and conjugated with various amino acids in crown gall tissue (8) . Ueda (13) . Oxindole-3-acetic acid was synthesized from IAA and N-bromosuccinimide (1 1). QCA was synthesized from isatin and malonic acid in boiling acetic acid (1). QCA-Asp was synthesized from the N-hydroxysuccinimide ester of QCA and aspartic acid (2) . The UV spectrum of QCAAsp in water had peaks at Amax 202 nm (e 24,100), 224 (21,600), 245 (7, 400) , 275 (5,000), and 330 (5, 200) .
Chromatogaphy. TLC was performed on silica gel (Kieselgel G, Typ 60, Merck), using n-butanol:acetic acid:water (4:1:2, v/v) as the developing solvent.
-Paper chromatography was carried out using Toyo No. 5 1A filter paper (12 x 60 cm) washed with water. Samples were dissolved in 0.1 ml of 6 N acetic acid, applied and developed with n-butanol:pyridine:water (6:4:3, v/v) by the descending method.
Compound A and its hydrolyzed product with 2 N HCI at 100°C, which has a quinolone ring, were detected by their radioactivity and UV absorption. Amino acids were detected with ninhydrin reagent and sugars were with anisaldehyde-sulfuric acid or aniline-phthalate reagent.
Measurements. Radioactivity was counted with a liquid scintillation spectrometer (Packard model 3310) using Nonion-toluenescintillator (15 (Fig. 1) . The IR spectrum of compound A in KBr showed an absorption band at 1610 cm-' (Fig. 2) , which has been observed in IR spectra of oxindole and related compounds (16) .
When compound A was hydrolyzed with 2 N HCI in a boiling water bath for 8 h and evaporated to dryness, the hydrolysate contained a radioactive fluorescent compound running at RF 0.75 on silica gel TLC which coincided with authentic QCA. The UV spectrum of the eluate from the fluorescent area showed a close resemblance to that of authentic QCA (Xmax 201 nm, e 26,400; 212, 29,600; 226, 28,100; 243, 9,400; 273, 6,000; 325, 6 ,000 in water) (Fig. 3) . Treatment of authentic DIA with HCI also yielded QCA. The quinolone ring formation proceeds via the dicarboxylic acid formed by hydrolysis of the amide bond and its recyclization to form a new amide bond. This conversion is analogous to the formation of the ,B-acid from 5-hydroxydioxindole-3-acetic acid (17 (Fig. 4) . The production of QCA-Asp is interpreted as the transient formation of a cyclic imide and the following quinolone ring formation with rearrangement ofaspartyl peptide, as shown in Figure 5 . This reaction resembles transpeptidation of a-aspartyl peptide to the #-isomer under mild alkaline conditions (6). Therefore, aspartic acid is linked to DIA with a peptide bond.
Linkage of Glucose with DIA. Treatment ofcompound A with 14 N NH4OH at room temperature caused no change in its RF on TLC, suggesting the absence of a glucosyl ester linkage. Compound A in methanol was methylated by addition of an ethereal solution of diazomethane, which provided trimethylcompound A in addition to dimethyl-ompound A. Chemical shifts in the 'H NMR spectrum of the trimethyl-compound A are shown in Figure 6 except for the complicated spectrum of the glucosyl moiety. Two singlets at 63.61 (3H) and 63.62 (3H) in the spectrum are ascribed to two methyl esters ofthe dimethylaspartyl moiety, which were also observed in the spectrum of dimethyl-compound A. The chemical shift of another singlet (3H, 62.98) resembles that of the N-methyl of related 1-methyloxindole, from 63.1 to 63.2, as reported by several authors (5, 23) . The 'H NMR spectrum of dimethyl-compound A had a broadened singlet (1H) at 65.77, due to the NH proton of the dioxindolyl moiety, which was absent in the spectrum of trimethyl-compound A. The alcoholic hydroxyl at the 3-position of DIA is not expected to be methylated by diazomethane. Trimethyl-compound A had a UV spectrum similar to that ofdimethylcompound A, indicating that methylation did not occur at 2-position of the dioxindole-3-acetyl moiety. Therefore, the singlet (3H) at 62.98 is ascribed to N-methyl. From the above evidence, two carboxyl groups of the aspartyl moiety and NHCO of the dioxindolyl moiety do not contribute to the linkage of glucose. Four aromatic protons and two methylene protons of the dioxindole-3-acetyl moiety and NH, CH, and methylene protons of the aspartyl moiety were also detected in the spectrum. Therefore, the reasonable site of the glucosyl linkage is the 3-position of the dioxindolyl moiety. The coupling constant of an anomeric proton doublet of the glucosyl moiety was 8 Hz, indicating that the glucosyl linkage was theA-form.
All the available data indicate that the structure of compound A is 3- (O-,3-glucosyl)-2-indolone-3-acetylaspartic acid (Fig. 7) and that its mol wt is 484. This was confirmed by M + H+ ion (m/e 485) and M + Na+ ion (m/e 507) on field desorption mass spectrometry. Major peaks in the spectrum with relative intensity in parentheses were m/e 403 (14), 439 (10) Associates Inc.). The retention volume of compound A was 30 ml using 0.01% acetic acid as a solvent. The amount of compound A was determined by A254. Since the recovery was not determined, the data in Table I might underestimate the content but showed the distribution of compound A in the seedlings. On a per organ basis, the greatest amount of compound A was found in the cotyledons (18.7 nmol/cotyledon), while lesser amounts were found in the epicotyls and roots (5.1 and 3.9 nmol/organ, respectively). However, on a per g fresh weight basis, the highest concentrations of compound A were found in the epicotyl tips and the basal part of the roots (15.6 and 12.2 nmol/g fresh weight, respectively). The average concentration in the seedling was 8.6 nmol/g fresh weight.
DISCUSSION
It has been established that the principal metabolic product of exogenously supplied IAA in roots is IAA-Asp (4, 14, 25) . In some cases indole-3-aldehyde (19), 3-hydroxymethyloxindole (29), and other metabolites (9, 14, 25) were reported. We isolated two DIA derivatives ( . After 24 h treatment, the radioactivity of compounds A and B reached 34 and 38% of the total radioactivity extracted from the roots, respectively. In view of this result and the natural occurrence of compound A, it seems likely that the formation of the DIA conjugates are major routes of IAA metabolism in Vicia seedlings.
The mechanism of IAA oxidation by IAA oxidase or peroxidase has been studied in detail (24). Ray and Thimann (20) pointed out that the IAA-destroying reaction catalyzed by peroxidase from Omphalia was stoichiometric, consuming 1 mol 02 and releasing 1 mol CO2 per mol IAA destroyed. Hinman and Lang (12) demonstrated that the intermediates of the in vitro oxidation of IAA, catalyzed by horseradish peroxidase, were indolenine hydroperoxide and oxindole-3-carbinol and that the end product was 3-methyleneoxindole or indole-3-aldehyde.
However, the natural occurrence of 3-methyleneoxindole in plants was not verified (24). The existence of compound A, which has an acetyl group at the 3-position of its dioxindole ring, indicates that decarboxylation is not involved in the process of compound A formation. We have not yet succeeded in detecting free DIA in Vicia seedlings, but the in vivo oxidation ofIAA seems to proceed via different pathways from the peroxidase catalyzed oxidation in vitro. The presence of such a pathway has been suggested by Kinashi et al. (17) reported by Haissig (10) and Rowntree and Morris (22) , and it was suggested that cambial activity and lateral root development in pea roots were stimulated by auxin coming from the shoot (18, 26) . The physiological role of compound A is still ambiguous, but the accumulation of labeled compound A in lateral root primordia and vascular bundles suggests its possible participation in lateral root initiation and cambial stimulation in Vicia seedlings.
